Dielectric Constants of Silicon Quantum Dots
Lin-Wang Wang is given by the integral of the absorption spectra e2(E),
e2(E) = -g 2 Mf;(E)B(E -Ef;), fi fi (2) where A = 8n.2e2fi2/3m2, Ef; is the transition energy, [4] or theoretically [5 -8] on e, (R) for quantum structures whose radius R is of the order of a few lattice constants. Previous works [4 -5] [7] ) to ( 1 ("weak confinement" [7] ). This weak confinement behavior was recently predicted from a generalization [6] of Penn's model [9] (2) . The spectra e2(E) of quantum dots containing up to -1300 Si atoms are calculated fully quantum mechanically using an empirical pseudopotential plane wave representation and a novel moments method [11] . In contrast to the GPM results [6] Fig. 2 (a) where they are also compared with experiment [14] . While our result compares well with similar previous calculations [15] , they all lack the lower energy excitonic peak apparent in the experimental spectrum. This excitonic peak cannot be described by our single particle theory. The "f -sum rule" [16] Fig. 3 (a) along with the experimental x-ray photoemission spectrum (XPS) [18] . The overall agreement is good.
We [12] . We believe that the error on the dielectric constant due to a possible difference between the current surface model and the real quantum dot should be small unless there are massive atomic reconstructions on the surface, about which there is currently no experimental information. The total potential V(r) = Lfo~l l 10/7/ (lr -R", I) is given by a superposition of local atomic pseudopotentials of Si and H. The hydrogen pseudopotential UH (r) is fitted [12] to the measured spectra of the above mentioned three H-covered Si surfaces. In the calculation, the quantum dots are placed in periodic unit cells with the closest distance between two neighboring quantum dots as 9 A. The plane wave basis set energy cutoff is 4.5 Ry"corresponding to 10 basis functions for the largest system considered here. Such huge basis sets cannot be handled by conventional electronic structure methods that seek all eigenstates. We use instead a newly developed generalized moments method, which is summarized in the following.
The calculation of the optical spectrum 
&~) X gT"(E,)T (E,)(I", )
n, m X (1+ 8"p) '(1+ 8 p) ', (8) using the orthogonality of T". We use in the present calculations 500 && 500 Chebychev moments I "and 5-60 randomly selected wave functions imp). The total and local density of states can be calculated analogously.
Numerical details of this method are given elsewhere [11] .
We consider five spherical quantum dots: Si87H76, Si235H, 4p, Si429H22s, Si74&H3pp, and Si, 3 Fig. 2 Fig. 1(a) 
where H is the system's Hamiltonian with its energy scaled so that all its eigenvalues fall inside domain [ -1:1].
Taking an ensemble average over I "using different, randomly generated imp)'s gives the required moments of r(Ei, E2):
. (7) - [20] , so the results are most appropriate to describe exciton screening and exciton binding energy in nanostructures [20] .
For a spherical quantum dot with radius R, the charge density of an uncorrelated electron or hole is [20] v, ",(r) by u,'",(r), which generates (after being screened by the medium) a screened potential u, '"(r) = v, ",(r). (12) e2 (E) = g l(f lu, ",(r) I i &I'6(E -Ef;), (13) where P -= f u, ",(r)p(r) d3r. Thus, e2 can be calculated in the same way as the spectrum e2, replacing, however, the momentum operator p in Eqs. (5) and (6) by the external potential v,",(r).
The calculated screening dielectric constants e, for the spherical clusters are plotted in Fig. 1(a) . As expected, e, (R) is smaller than e, (R). At the same time, it is still larger than the value predicted by the GPM.
Consequently, the ratio (a,h/2R) between the bulklike (free) hydrogenic exciton radius and the system's size is predicted to be far larger than unity for R ( 20 A (strong confinement), as shown in Fig. 1(b Fig. 1(a) . We find n = 4.25 A, l = 1.25 A for the total polarization dielectric constant e"and a = 6.9 A, l = 1.37 A. for the screening dielectric constant e, . The GPM gives o. = 10.93 and I = 2. The fact that our I~2 is reminiscent of the fact that we also find a band gap scaling -1/R" with a softer exponent n -1. 
